Mif1: a missing link between the unfolded protein response pathway and ER-associated protein degradation?
Eukaryotic cells have three different mechanisms to deal with the accumulation of unfolded proteins in the endoplasmic reticulum: (1) In cells in which unfolded polypeptides accumulate, translation initiation is inhibited to prevent further accumulation of unfolded proteins. (2) Expression of proteins involved in polypeptide folding is strongly enhanced by a process called the Unfolded Protein Response (UPR). (3) Proteins missing the proper tertiary structure are degraded by the ER-Associated protein Degradation (ERAD) mechanism. Recent studies in S. cerevisiae have shown that the processes of UPR and ERAD are functionally linked to each other. Cells lacking a functional ERAD show a constitutive activation of UPR. In addition, many of the components of ERAD are under the direct transcriptional control of UPR. Finally, while neither UPR nor ERAD are essential for cell viability, deletion of both pathways results in severe growth impairment. UPR and ERAD are conserved between yeast and mammalian cells. One of the components of mammalian UPR is the protease presenilin-1. Mutations in the gene for presenilin-1 cause early-onset familial Alzheimer disease. Interestingly, inhibition of proteolysis by the ubiquitin-26S proteasome system has also been described for Alzheimer s disease. This suggests a link between UPR and ERAD in mammalian cells. The recently identified gene Mif1 is a possible candidate to form a direct link between UPR and ERAD in mammalian cells. The Mif1 gene is under the direct control of UPR. Mif1 is a trans-ER-membrane protein, with both the N- and the C-termini facing the cytoplasmic side of the ER membrane. It contains an N-terminal ubiquitin-like domain. It is anticipated that Mif1 may associate through its ubiquitin-like domain with the 26S proteasome, in this way connecting the protein degradation machinery to the ER membrane and resulting in an efficient ERAD.